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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three-dimensional circuit element 
which enables a CCD, a MOS type imaging device or a trench type capacitor to 



include a DRAM used for a memory cell, and a manufacturing method which 
enables manufacture of such a three-dimensional circuit element at a low cost. 
SOLUTION: A single crystal silicon layer 3 is formed on a single crystal silicon 
substrate via a porous silicon layer, and a two-dimensional LSI 4 is formed on the 
single crystal silicon layer 3. After a supporting substrate is adhered to the 
surface of the two-dimensional LSI 4, the two-dimensional LSI 4 is peeled off 
from the single crystal silicon substrate at the portion of the porous silicon layer, 
and the back surface of the two-dimensional LSI 4 is adhered to the surface of a 
two-dimensional LSI 24 formed on another single crystal silicon substrate. After a 
required number of thin-film two-dimensional LSIs are thus bonded, the surface 
of a two-dimensional LSI 38 formed on a single crystal silicon substrate 37 is 
bonded to the back surface of the last two-dimensional LSI that is bonded, thus 
manufacturing a three-dimensional VLSI. The thickness of the single crystal 
silicon layer is determined in accordance with the two-dimensional LSI to be 
formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms a porous layer on a semi-conductor substrate, 
and the process which forms a single crystal half conductor layer on the above- 
mentioned porous layer, The process which forms the 1st two dimensional circuit 
component in the above-mentioned single crystal half conductor layer, and the 
process which exfoliates and imprints the two dimensional circuit component of 
the above-mentioned semi-conductor substrate to the above 1st on other 
substrates, The manufacture approach of the three-dimensional circuit element 
characterized by having the process which makes the two dimensional circuit 
component of the above 1st rival the 2nd two dimensional circuit component. 
[Claim 2] The manufacture approach of the three-dimensional circuit element 
according to claim 1 characterized by forming the above-mentioned porous layer 
by carrying out anodization of the above-mentioned semi-conductor substrate. 
[Claim 3] After pasting up a substrate besides the above on the front face of the 
two dimensional circuit component of the above 1st, a supersonic wave is 
irradiated at the above-mentioned semi-conductor substrate. And/ The above- 
mentioned semi-conductor substrate, and a substrate besides the above are 



made to produce the tensile stress of hard flow mutually. Or and/ Or the 
manufacture approach of the three-dimensional circuit element according to 
claim 1 characterized by making the two dimensional circuit component of the 
above 1st exfoliate from the above-mentioned semi-conductor substrate by 
cooling the above-mentioned semi-conductor substrate, and a substrate besides 
the above. 

[Claim 4] The manufacture approach of the three-dimensional circuit element 
according to claim 1 characterized by the above-mentioned single crystal half 
conductor layer being a single-crystal-silicon layer. 

[Claim 5] The three-dimensional circuit element characterized by being formed in 
the single crystal half conductor layer in which at least one of the above- 
mentioned two dimensional circuit components of the 2nd more than layer has 
the thickness of 1 micrometers or more in the three-dimensional circuit element 
from which the laminating of two or more two dimensional circuit components 
was carried out, and which they consisted of. 
[Claim 6] The three-dimensional circuit element according to claim 5 
characterized by forming the above-mentioned two dimensional circuit 
component of the 1st layer in a semi-conductor substrate. 
[Claim 7] The three-dimensional circuit element according to claim 5 
characterized by the above-mentioned two dimensional circuit component of the 
maximum upper layer constituting a photosensor. 
[Claim 8] The three-dimensional circuit element according to claim 5 
characterized by the above-mentioned two dimensional circuit component of the 
maximum upper layer constituting a solar battery. 
[Claim 9] The three-dimensional circuit element according to claim 5 
characterized by at least one of two or more of the above-mentioned two 
dimensional circuit components constituting a wiring layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a three-dimensional circuit 

element and its manufacture approach. 

[0002] 

[Description of the Prior Art] Conventionally, researches and developments of a 
three-dimensional circuit element have been done by carrying out the laminating 
of the 2-dimensional IC, and solidifying it aiming at unification (multi- 
functionalization) of reduction of high integration by the increment in ** number of 
layers, densification, and ** wire length, high-speed-operation-izing of the 
component by reduction of load-carrying capacity, the coincidence signal 
transduction between the layers through the detailed through hole of ** large 
number (juxtaposition signal processing), and ** different-species device. And in 
order to realize this three-dimensional circuit element, a SOI (Silicon-on- 
Insulator) technique, a multilayer-interconnection technique, etc. for carrying out 
the laminating of the 2-dimensional IC to a multilayer have been developed. 
However, since the crystallinity of SOI deteriorated with the SOI technique by the 
conventional recrystallization etc. as it becomes the 1st layer, the 2nd layer, and 
the upper layer when the laminating of the SOI is carried out to a multilayer, it 



was difficult to put the three-dimensional circuit element by this SOI technique in 
practical use in practice. Moreover, since the every laminating of the SOI was 
carried out further, manufacturing a three-dimensional circuit element took great 
time amount, and cost performance was very bad. 

[0003] On the other hand, the technique called a CUBIC (Cumulatively Bonded 
IC) technique is also developed as a technique for realizing a three-dimensional 
circuit element. This CUBIC technique is a kind of a device lamination technique, 
and the description is to use thin film-like IC layer per lamination especially. An 
example of the manufacture approach of the three dimensions LSI by the 
conventional CUBIC technique is shown in drawing 1 1 - drawing 16 . 
[0004] In the manufacture approach of the three dimensions LSI by this 
conventional CUBIC technique, first, as shown in drawing 1 1 , 2-dimensional 
LS1 102 is formed on the single crystal silicon substrate 101 according to an LSI 
process, this 2-dimensional LS1 102 ~ setting ~ a sign 103 - the oxide film for 
isolation, and 104 - MOSFET and 105 - polycrystalline silicon wiring and 106 - 
in an interlayer insulation film and 106a, an interlayer insulation film and 108a 
show a beer hall, and, as for a beer hall and 107, 109 shows a tungsten bump, 
as for surface metal wiring and 108. Then, adhesives 1 10 are applied to the front 
face of an interlayer insulation film 108, and the support substrate 1 1 1 is pasted 
up. 

[0005] Next, as shown in drawing 12 , with a rear-face side to a selection 
polishing technique, the single crystal silicon substrate 101 is ground as a polish 
stopper, the oxide film 103 for isolation is thinned in it, and the single-crystal- 
silicon layer 1 1 1 is formed. 

[0006] Next, as shown in drawing 13 , after forming in the oxide film 103 for 
isolation the through hole 112 which reaches the polycrystalline silicon wiring 105, 
the rear-face metal wiring 1 13 which contacted the polycrystalline silicon wiring 
105 through this through hole 112 is formed on the oxide film 103 for separation. 
Next, the rear face of 2-dimensional LSI102 is coated with polyimide 114. Next, 
after forming contact hole 114a in this polyimide 114, the Au/ln pool 115 is 



formed in this contact hole 1 14a. 

[0007] On the other hand, as shown in drawing 14 , 2-dimensional LSI1 17 is 
formed in another single crystal silicon substrate 116 according to an LSI process, 
this 2-dimensional LSI1 17 - setting - a sign 118 -- the oxide film for isolation, 
and 1 19 -- MOSFET and 120 - polycrystalline silicon wiring and 121 -- in an 
interlayer insulation film and 121a, an interlayer insulation film and 123a show a 
beer hall, and, as for a beer hall and 122, 124 shows a tungsten bump, as for 
surface metal wiring and 123. Then, the front face of an interlayer insulation film 
123 is coated with polyimide 125. 

[0008] Next, the front face of 2-dimensional LS1 1 1 7 which shows the rear face of 
2-dimensional LSI102 shown in drawing 13 to drawing 14 is pasted with 
polyimide 114 and 125, and it is made to rival, as shown in drawing 15 . At this 
time, alignment is carried out so that the tungsten bump 124 may contact the 
Au/ln pool 115, and it heats to the about temperature which the Au/ln pool 115 
fuses in this condition, for example, 350 degrees C, and pressurizes further. The 
tungsten bump 124 and the Au/ln pool 115 are electrically connected by this. 
[0009] Then, polish or etching removes the support substrate 111. By this, as 
shown in drawing 16 , the three dimensions LSI made into the purpose of the 
structure where the laminating of 2-dimensional LSI 1 02 and 1 1 1 7 of a bilayer 
was carried out are completed. 

[0010] Since according to the manufacture approach of the three dimensions LSI 
by this CUBIC technique 2-dimensional LSI is formed in two or more single 
crystal silicon substrates in concurrency and such 2-dimensional LSI is made to 
rival one by one at low temperature (about 350 degrees C), the three dimensions 
LSI of the multilayer structure which carried out the laminating of the 2- 
dimensional LSI more than a bilayer can be manufactured efficiently. 
[0011] 

[Problem(s) to be Solved by the Invention] However, by the manufacture 
approach of the three dimensions LSI by the above-mentioned conventional 
CUBIC technique, since the selection polishing technique which uses the oxide 



film 103 for isolation as a polish stopper is used in order to thin the single crystal 
silicon substrate 1 01 , the thickness of the single-crystal-silicon layer 1 1 1 
obtained by thinning is mostly determined by the thickness of this oxide film 103 
for isolation. However, since the thickness of this oxide film 103 for isolation is 
usually 1 micrometer or less, DRAM which used for the memory cell 2- 
dimensional LSI which needs single crystal silicon, for example, CCD, MOS type 
pickup device, or trench mold capacitor 1 micrometers or more of thickness 
cannot be formed with this CUBIC technique. Moreover, with this CUBIC 
technique, the cost of materials costs dearly according to the single crystal silicon 
substrate of only the number of layers of 2-dimensional LSI and the support 
substrate of only the number of (number of layerses -1) being required etc., and 
there is a problem that the manufacturing cost of three dimensions LSI will 
become high. 

[0012] Therefore, the purpose of this invention is to offer the manufacture 
approach of a three-dimensional circuit element that the three-dimensional circuit 
element containing DRAM which used CCD, the MOS type pickup device, and 
the trench mold capacitor for the memory cell can be manufactured by low cost. 
[0013] Other purposes of this invention are to offer the three-dimensional circuit 
element in which DRAM which used CCD, the MOS type pickup device, and the 
trench mold capacitor for the memory cell can be included. 
[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the manufacture approach of the three-dimensional circuit element by invention 
of the 1st of this invention The process which forms a porous layer on a semi- 
conductor substrate, and the process which forms a single crystal half conductor 
layer on a porous layer, It is characterized by having the process which forms the 
1st two dimensional circuit component in a single crystal half conductor layer, the 
process which exfoliates the 1st two dimensional circuit component from a semi- 
conductor substrate, and is imprinted on other substrates, and the process which 
makes the 1st two dimensional circuit component rival the 2nd two dimensional 



circuit component. 

[0015] Typically in this 1st invention, a porous layer is formed by carrying out 
anodization of the semi-conductor substrate. Moreover, for example, after 
pasting up other substrates (support substrate) on the front face of the 1st two 
dimensional circuit component, the 1st two dimensional circuit component is 
exfoliated from a semi-conductor substrate by irradiating a supersonic wave at a 
semi-conductor substrate, making a semi-conductor substrate and other 
substrates produce the tensile stress of hard flow mutually, and/or cooling a 
semi-conductor substrate and other substrates. As other substrates, a silicon 
substrate, a quartz substrate, etc. can be used, for example. 
[0016] The three-dimensional circuit element by invention of the 2nd of this 
invention is characterized by being formed in the single crystal half conductor 
layer in which at least one of the two dimensional circuit components of the 2nd 
more than layer has the thickness of 1 micrometers or more in the three- 
dimensional circuit element from which the laminating of two or more two 
dimensional circuit components was carried out and which they consisted of. 
[0017] In this invention, even if the lowest layer which constitutes a three- 
dimensional circuit element, i.e., the two dimensional circuit component of the 1st 
layer, is formed in a semi-conductor substrate, it may be formed in the single 
crystal half conductor layer formed through the porous layer on the semi- 
conductor substrate. 

[0018] In this invention, it opts for the function and engine performance of two or 
more two dimensional circuit components which constitute a three-dimensional 
circuit element by design according to the function and engine performance 
which are required of a three-dimensional circuit element. When some examples 
of this two dimensional circuit component are given, they are memory, such as 
DRAM, a microprocessor, an A/D converter, a D/A converter, a photosensor, a 
solar battery, etc. Photosensors are CCD, an MOS type pickup device, etc. 
[0019] In this invention, when a two dimensional circuit component is DRAM 
which used the trench mold capacitor for the memory cell, the thickness of the 



single crystal half conductor layer in which this DRAM is formed is about 3 
micrometers or more than it. Moreover, when a two dimensional circuit 
component is an MOS type pickup device, the thickness of the single crystal half 
conductor layer in which this MOS type pickup device is formed is about 10 
micrometers or more than it. Furthermore, when a two dimensional circuit 
component is CCD, the thickness of the single crystal half conductor layer in 
which this CDD is formed is about 20 micrometers or more than it. 
[0020] In this invention, in unifying image sensors and a digital disposal circuit 
aiming at multi-functionalization of a three-dimensional circuit element, it uses 
photosensors, such as CCD and an MOS type pickup device, as a two 
dimensional circuit component of the maximum upper layer. Here, to colorize 
further, using CCD as a photosensor, it is necessary to form a color filter on CCD. 
Since this color filter generally cannot bear the temperature at the time of 
performing wiring between layers using an In/Au pool (about 350 degrees C), 
after making all two dimensional circuit components rival, it removes other 
substrates temporarily used as a support substrate, exposes a CCD front face, 
and forms a color filter on it. Furthermore, a solar battery may be used as a two 
dimensional circuit component of the maximum upper layer for a generation of 
electrical energy. 

[0021] The wiring layer in which only wiring was formed may be contained in two 
or more two dimensional circuit components in this invention. By use of this 
wiring layer, since the wire length between components can be shortened, high- 
speed operation-ization of a three-dimensional circuit element can be attained. 
[0022] In this invention, although the single crystal half conductor layer in which a 
two dimensional circuit component is formed is a single-crystal-silicon layer 
typically, they may be single crystal compound semiconductor layers, such as 
gallium arsenide (GaAs). Similarly, as a semi-conductor substrate, compound 
semiconductor substrates, such as gallium phosphide (GaP) besides a silicon 
substrate and gallium arsenide (GaAs), may be used. 
[0023] since according to the manufacture approach of the three-dimensional 



circuit element by invention of the 1st of this invention constituted as mentioned 
above a thin film-like two dimensional circuit component can be formed by 
exfoliating in the part of a porous layer after forming a two dimensional circuit 
component in the single crystal half conductor layer formed through the porous 
layer on the semi-conductor substrate -- each duality -- a circuit element can be 
formed in a short time. And a three-dimensional circuit element can be 
manufactured by carrying out the laminating of these two dimensional circuit 
components in a short time. Moreover, DRAM which used CCD, the MOS type 
pickup device, and the trench mold capacitor for the memory cell can be formed 
in this single crystal half conductor layer by setting thickness of a single crystal 
half conductor layer to 1 micrometers or more. Furthermore, since the semi- 
conductor substrate used for formation of a two dimensional circuit component is 
reusable, only the part can aim at reduction of the manufacturing cost of a three- 
dimensional circuit element. 

[0024] Moreover, according to the three-dimensional circuit element by invention 
of the 2nd of this invention constituted as mentioned above, DRAM which used 
CCD, an MOS type pickup device, and trench capacity for this single crystal half 
conductor layer as a two dimensional circuit component can be formed by being 
prepared in the single crystal half conductor layer in which at least one of the two 
dimensional circuit components of the 2nd more than layer has the thickness of 1 
micrometers or more. 
[0025] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about 
1 operation gestalt of this invention. In addition, in the complete diagram of an 
operation gestalt, the sign identically same into a corresponding part is attached. 
[0026] Drawing 1 - drawing 10 show the manufacture approach of the three- 
dimensions VLSI by 1 operation gestalt of this invention. 
[0027] In this operation gestalt, first, as shown in drawing 1 , the single crystal 
silicon substrate 1 is prepared. From a viewpoint which forms a porosity silicon 
layer on it by the anodization described below, although it is desirable that it is p 



mold, this single crystal silicon substrate 1 can form a porosity silicon layer 
depending on conditioning, even if it is n mold. The resistivity of this single crystal 
silicon substrate 1 is 0.01 - 0.02 ohm-cm suitably. 

[0028] Next, as shown in drawing 2 , the porosity silicon layer 2 is formed in the 
front face of the single crystal silicon substrate 1 by the anodization method. In 
this case, formation of this porosity silicon layer 2 is divided into three steps, and 
is performed. Namely, 0.5 - 3 mA/cm2 in order to enable it to form a crystalline 
good epitaxial layer on the porosity silicon layer 2 as a first stage story first By 
performing for example, anodization for 8 minutes with the current density of 
extent, a porosity rate forms a small porosity silicon layer. Next, it is 3 - 20 
mA/cm2 as a second stage story. By performing for example, anodization for 8 
minutes with the current density of extent, a porosity rate forms the porosity 
silicon layer which is whenever [ middle ]. Next, it is 40 - 300 mA/cm2 as the third 
step. By performing for example, anodization for several seconds with the current 
density of extent, a porosity rate forms a large porosity silicon layer. Porosity 
silicon layer 2a with the very large porosity rate which serves as the origin of 
detached core formation in the porosity silicon layer 2 at the time of this 
anodization of the third step is formed thinly. In addition, after it will stop 
anodization and time amount will pass for a while in this anodization of the third 
step if a current is passed for 1 second with the same current density again after 
it will stop anodization and time amount will pass for a while, if a current is 
passed for 1 second when performing anodization, for example for 3 seconds, a 
current may be passed for 1 second with the again same current density, and 
anodization may be performed. In such anodization, the thing of HF:C2 H5 
OH=1:1 is used as an anodization solution, for example. In order to lessen 
reduction of the thickness of this single crystal silicon substrate 1 and to make 
[ many ] the count of usable, as for the thickness of this porosity silicon layer 2, it 
is desirable to make it as thin as possible, and it is suitably chosen as 2-15 
micrometers, for example, is chosen as about 8 micrometers from a viewpoint 
which repeats and uses the single crystal silicon substrate 1. 



[0029] Next, for example, the hole (not shown) which exists in the front face of 
the porosity silicon layer 2 is plugged up by performing hydrogen annealing for 
30 minutes at 1 100 degrees C. then, it is shown in drawing 3 ~ as - the porosity 
silicon layer 2 top -- for example, SiH4 SiCI4 etc. -- with the CVD method used as 
material gas, epitaxial growth of the single-crystal-silicon layer 3 of p mold or n 
mold is carried out at 1070 degrees C. Although the thickness of this single- 
crystal-silicon layer 3 is chosen according to 2-dimensional LSI formed in this 
single-crystal-silicon layer 3, it is suitably chosen as 1-30 micrometers. Moreover, 
the high impurity concentration of the single-crystal-silicon layer 3 is about 1014- 
1017-/cm3 suitably. It is chosen. In order to raise the engine performance of a 
device depending on the case, the high impurity concentration of this single- 
crystal-silicon layer 3 may be changed within a layer. 
[0030] While performing above-mentioned hydrogen annealing and epitaxial 
growth, as a result of the silicon atom in the porosity silicon layer 2 moving and 
carrying out a rearrangement, porosity silicon layer 2a with the large porosity rate 
in this porosity silicon layer 2 becomes a layer with it, i.e., a detached core. 
[ remarkable tensile strength and ] [ low ] 

[0031] Next, as shown in drawing 4 , it considers that the single-crystal-silicon 
layer 3 is the substrate of LSI, and 2-dimensional LSI4 of a first pass eye is 
formed according to an LSI process, this 2-dimensional LSI4 - setting - a sign 5 
-- the oxide film for isolation, and 6 - in MOSFET and 7, a beer hall and 9 show 
surface metal wiring, and, as for polycrystalline silicon wiring and 8, 10 shows an 
interlayer insulation film, as for an interlayer insulation film and 8a. 
[0032] Next, as shown in drawing 5 , the front face of 2-dimensional LSI4 is 
coated with polyimide 11, and a support substrate 12 like a silicon substrate is 
pasted up. 

[0033] Next, as shown in drawing 6 , 2-dimensional LSI4 is exfoliated from the 
single crystal silicon substrate 1. It is in the condition which dipped the single 
crystal silicon substrate 1 into solutions, such as water and ethanol, for example, 
the frequency of 25kHz and the supersonic wave of power 600W are specifically 



irradiated, with the energy of this supersonic wave, the peel strength of porosity 
silicon layer 2a as a detached core is weakened, and the single crystal silicon 
substrate 1 is exfoliated in the part of this porosity silicon layer 2a. Or the single 
crystal silicon substrate 1 is exfoliated in the part of porosity silicon layer 2a as a 
detached core by making the support substrate 12 and the single crystal silicon 
substrate 1 produce a tensile stress to hard flow mutually. Or the single crystal 
silicon substrate 1 is exfoliated in the part of porosity silicon layer 2a as a 
detached core by cooling by spraying the nitrogen gas of the low temperature 
which evaporated the single crystal silicon substrate 1 and the support substrate 
12 from liquid nitrogen, and producing the shear stress by the difference of the 
heat shrink of the single crystal silicon substrate 1 and the support substrate 12. 
Or you may exfoliate the single crystal silicon substrate 1 in the part of porosity 
silicon layer 2a as a detached core by combining 2 of three kinds of these 
approaches, or three. 

[0034] As shown in drawing 7 , to next, the exfoliative single-crystal-silicon layer 
3 and the exfoliative oxide film 5 for isolation of 2-dimensional LSI4 on the back 
Form the through hole 13 which reaches the polycrystalline silicon wiring 7, and 
an oxide film 14 is formed in this through hole 13. Carry out etching removal of 
this oxide film 14 partially, and the polycrystalline silicon wiring 7 is exposed 
again. After forming the rear-face metal wiring 15 in contact with this 
polycrystalline silicon wiring 7 and coating polyimide 16 further, the Au/ln pool 17 
is formed in the crevice of the rear-face metal wiring 15 in a through hole 13. 
[0035] On the other hand, as shown in drawing 8 , the porosity silicon layer 22 
and the single-crystal-silicon layer 23 are formed like **** on another single 
crystal silicon substrate 21, and 2-dimensional LSI24 is formed in this single- 
crystal-silicon layer 23. this 2-dimensional LSI24 ~ setting - a sign 25 - the 
oxide film for isolation, and 26 -- MOSFET and 27 -- polycrystalline silicon wiring 
and 28 - in an interlayer insulation film and 28a, an interlayer insulation film and 
30a show a beer hall, and, as for a beer hall and 29, 31 shows a tungsten plug, 
as for surface metal wiring and 30. 



[0036] Next, it pastes up with polyimide 16 and 30 and the rear face of 2- 
dimensional LSI4 shown in drawing 7 is made to rival on the front face of 2- 
dimensional LSI24 shown in drawing 8 , as shown in drawing 9 . 
[0037] Next, 2-dimensional LSI 4 and 24 is exfoliated from the single crystal 
silicon substrate 21 like ****. Then, it pastes up and the rear face of 2- 
dimensional LSI24 is made to rival on the front face of another 2-dimensional LSI 
formed beforehand. 

[0038] To next, the exfoliative single-crystal-silicon layer 23 and the exfoliative 
oxide film 25 for isolation of 2-dimensional LSI24 on the back Form the through 
hole 32 which reaches the polycrystalline silicon wiring 27, and an oxide film 33 
is formed in this through hole 32. Carry out etching removal of this oxide film 33 
partially, and the polycrystalline silicon wiring 27 is exposed again. After forming 
the rear-face metal wiring 34 in contact with this polycrystalline silicon wiring 27 
and coating polyimide 35 further, the Au/ln pool 36 is formed in the crevice of the 
rear-face metal wiring 34 in a through hole 32. 

[0039] Thus, after only a required number of layers makes 2-dimensional LSI of 
the shape of a thin film formed in the single-crystal-silicon layer rival one by one, 
the front face of 2-dimensional LSI38 formed in the rear face of 2-dimensional 
LSI stretched by the last at the single crystal silicon substrate 37 as shown in 
drawing 10 is made to rival, this 2-dimensional LSI38 - setting - a sign 39 - the 
oxide film for isolation, and 40 -- MOSFET and 41 -- polycrystalline silicon wiring 
and 42 - in an interlayer insulation film and 42a, an interlayer insulation film and 
44a show a beer hall, and, as for a beer hall and 43, 45 shows a tungsten plug, 
as for surface metal wiring and 44. Then, polish or etching removes the support 
substrate 11, and the three-dimensions VLSI made into the purpose is completed. 
As mentioned above, according to this operation gestalt, after forming the single- 
crystal-silicon layer 3 through the porosity silicon layer 2 on the single crystal 
silicon substrate 1 and forming 2-dimensional LSI in this single-crystal-silicon 
layer 3, thin film-like 2-dimensional LSI can be easily formed by exfoliating in the 
part of the porosity silicon layer 2 in a short time. And after doing in this way and 



making 2-dimensional LSI of the shape of a required number of a thin film rival, 
the three-dimensions VLSI which consists of 2-dimensional LSI of a desired 
number of layers can be manufactured in a short time by making such 2- 
dimensional LSI rival 2-dimensional LSI38 formed in the single crystal silicon 
substrate 37. 

[0040] Moreover, since the single crystal silicon substrate 1 will be in the 
condition which shows in drawing 1 again by removing the porosity silicon layer 2 
formed in the front face, the process again shown in drawing 2 can be performed. 
That is, since reuse of the single crystal silicon substrate 1 is possible, only the 
part can attain low cost-ization of a single crystal thin film silicon solar cell. 
Supposing the thickness specifically removed by polish for the thickness of the 
porosity silicon layer 2 to carry out the reuse of 8 micrometers and the single 
crystal silicon substrate 1 is about 3 micrometers, the thickness of the single 
crystal silicon substrate 1 which decreases in 1 cycle of manufacture of a single 
crystal thin film silicon solar cell is 11 micrometers. Therefore, since reduction of 
the thickness of the single crystal silicon substrate 1 is only 110 micrometers 
even if it uses the single crystal silicon substrate 1 10 times, it is usually possible 
to use the single crystal silicon substrate 1 at least 10 times. In addition, etching, 
electrolytic polishing, etc. can perform removal of the porosity silicon layer 2 
formed in the front face of the single crystal silicon substrate 1. It is current 
density, when an example of conditions in case electrolytic polishing removes 
this porosity silicon layer 2 was given and a solution with low HF concentration, 
for example, the thing of HF:C2 H5 OH=1:1, is used for an electrolytic-polishing 
solution 400 mA/cm2 It considers as extent. 

[0041] By the above, high accumulation, high density, high-speed operation, and 
the three-dimensions VLSI of the high performance in which juxtaposition signal 
processing and multi-functionalization are still more possible can be 
manufactured by low cost. 

[0042] As mentioned above, although the operation gestalt of this invention was 
explained concretely, this invention is not limited to an above-mentioned 



operation gestalt, and various kinds of deformation based on the technical 
thought of this invention is possible for it. 

[0043] For example, in an above-mentioned operation gestalt, although the 
lowest layer 33, i.e., 2-dimensional LSI of the 1st layer, is formed in the single 
crystal silicon substrate 32, it may be 2-dimensional LSI of the 2nd more than 
layer, and 2-dimensional LSI of the shape of a thin film similarly formed in the 
single-crystal-silicon layer. 
[0044] 

[Effect of the Invention] As explained above, according to the manufacture 
approach of the three-dimensional circuit element by this invention DRAM which 
used CCD, the MOS type pickup device, and the trench mold capacitor for the 
memory cell can be formed in this single crystal half conductor layer by setting 
thickness of a single crystal half conductor layer to 1 micrometers or more. 
Moreover, can form each two dimensional circuit component in a short time, and 
since the single crystal substrate used for formation of a two dimensional circuit 
component is reusable The three-dimensional circuit element containing DRAM 
which used CCD, the MOS type pickup device, and the trench mold capacitor for 
the memory cell can be manufactured by low cost. 

[0045] Moreover, according to the three-dimensional circuit element by this 
invention, the three-dimensional circuit element containing DRAM which used 
CCD, the MOS type pickup device, and the trench mold capacitor for the memory 
cell is realizable by being prepared in the single crystal half conductor layer in 
which at least one of the two dimensional circuit components of the 2nd more 
than layer has the thickness of 1 micrometers or more. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 2] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 3] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 4] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 5] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 6] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 7] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 8] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 9] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 10] It is a sectional view for explaining the manufacture approach of the 

three-dimensions VLSI by 1 operation gestalt of this invention. 

[Drawing 1 1] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 



[Drawing 12] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 

[Drawing 13] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 

[Drawing 14] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 

[Drawing 15] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 

[Drawing 16] It is a sectional view for explaining the manufacture approach of the 

three-dimensional IC by the conventional CUBIC technique. 

[Description of Notations] 

1,21, 37 [...The oxide film for isolation, 6, 26 40/... 11 MOSFET, 16/... 
Polyimide 12 / ... Support substrate ] ... A single crystal silicon substrate, 2, 2a, 
22, 22a ... 3 A porosity silicon layer, 23 ... A single-crystal-silicon layer, 4 and 24, 
38...2-dimensional LSI, 5, 25, 39 
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h^tuLS I 3 8C: . • ft^ s 9{,i^m«W(SSft: 
Jg, 4 0{»iosfet, 4 i{i^lS B B B yy3yEff s 

4 2^)1^^, 4 2a(ib"7*-/k 4 3(iHffi# 

mm. 4 4itmmmm. 4 4a(ih*r^-/K 45 
i^ynfyr5/&it„ ssasi i& 

s 1 . jjlloj: 3 zwmmmz 

UWl. m^B^ y 3 ya^ 1 Ji^TLiCy y 3 yjf 2 
£^ LT^P-JSs^y y 3 yjf 3 Sr^fig L , Z\ OWi^B^ V 
3 ym 3 triJGcL S I £ffM L^fi. LW^ y 3 y 
Jf 2 <7)gH^T"M!t£ a ^ b {z i 0 ^JHft^r»5cL S 
1 £®$ISI-C^fcffM^.5 c: t ftX'% I. ZIX. Z\ 

cox oiizbx. -m^Wicomm^cor.^jtL s 1 ^ 0 
-tL^^n^TcL s 1 £mis B H B y y 3 y* 

K3 7 t?^jS5fut~i55cL S I 3 8 1 5S 0 ^i9^l> Z. 

b {Z X 0 . Bfa^M^HJ/tTCL S I ^^^!>3yt7US 

L S I £M WClBi^2> i b ifi~C$ h . 
[0040] |i$g B B B yy3yaKl«i:, ^toUffi 
t^JjicStL^^LWv y 3 yjf 2 ^ t J: 

0. -mmnz^T^Mz^i^x. ssH2t^i 



(6) 
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m^mff-ri z. t I) o -r #Sh b b ^ u ^ y 
as i <wmm&mefci> & <vx\ %<Dfttmmmm& 
H B H y y 3 y^m^toffi^x Mk£0S £ £ s . 

m . nm& u 3 yas i m\m-fh t^mmizx 
> om,^tim^mu msst* * t -ts t , stun 
is H H H y u ^ y±nmM<7)^}i<7) i im ? sip. 

IS H H B y U ^ ya« l c7)jj § (± l l /x mt&S . Ltzff-o 

x . u n yas nio mm lt *> . 

y'j3 ySK 1 OJP § OMiWi 1 1 0 ju m fcji^'&UJt 

a^am^y u =iya« i t *> i o ma 
ffiffl^- s ; t a^r* § . . y 3 >*$t 

^yy^nmmm^ «t 0 ?j 5 ; s . ; ^ 
?Lwy u 3 yjg 2 ^ ttiBsfet «t 0 r#*-ri>±i^^^ft 
^-fiajsrPtf § t . wmmwmzH Fmmm&^m 

m, fHtiiHF : C 2 H 5 OH=l : 1 «9i,«9£fflVVfc 
fc&Wi, maafUE* 4 0 0m A/cm* HJSfc-f-!» 0 

[0041] uuit i 0 , , ^a»ft, 

i)5eBL s 1 zi&zx h -m&tz ; 1 & . 

[ 0 0 4 2 ] fiLh, ;<05KH<OHM9PSBt:ov^^#W 
[0043] fflitf, ^coUffi^Ufcfev^tt, ftT 

M. -t^^SliJii^r^TcLs i 3 3«mnyy 
3 y*K 3 2 t;ffM$ti£ t <?)T*) -6 <£ 2 1 Siil± 
<ozifc7cLs 1 J^^ysyJIWfMSft. 
fc» »R^rijC7c l s 1 ?* o T «, i v \ 

[0 044] 

§ £ 1 u m®±b -T 5 ; fc K J: 0 ; omi^S*^ 
ccD^MosM^s^byyiW^^^ 

* U -fe/M=ffl^ D RAM=5r i: £j&£f 6 ; h^'T'^ . 
i 3t . ffl^ OZ&tuMJ^ £ $S»#ircJ!M-r £ - 1 # 
L^i. Z^TcH^S^ffMtfflw^^lS^a 
KiBf IJffl-f 5 £ f: S OT\ CCD -^M O S WWl 
\mT*? V V v^mx*r*v9 1: * * U •fe/l'tfflV D 

[ 0 0 4 5 ] t tz . ztmwizxzE&jfflmmTtzz 
[Hi] 



TV^ifctiO. CCD^MOSiilMWM- > 

[Hi] icoHBHo-SlHggffitc: i 5Z»5cSL s i <d 

w&t&z mmtitiibmmm'cS) & . 

[H2 ] ; colfiBH^SUft^St; i l>3^7cSL s 1 <n 

mmmz mwtz tzmmmmxh h . 

[03 ] diOffiHH^-HSS^It i l>H^7U@L s 1 to 

Mit*££ t^-ri, tz^mmmxh s . 

[04 ] £ <7)|£Bj!c7)-»4ff#Jt i SZ»5cSL s 1 ^ 
[05]; COWfiCD-miffiMlZ i |> H^7U@ L S I (7) 

[06]^ cr>wm-mwmiz * & lsi« 
[07 ] z\<rm*m-%mmz x sz^sl s i co 

f^ldjaS: I^J-fl>^i6^ifffi0T'*S o 

[08]; cowncD-rnimmiz ± s h^tss l s 1 ^ 

Mites' £ ^ft^8ffH0T* £ . 
[09 ] ;<DS£HH<9-SSH0f3Bfc: ^ SHiJC7Cj@L s I <n 

m&m&mfth tz^mmmxh & . 

[010] ;^H^^M^t;j;§Z^7C^LS I 
[011] t*«CUBI C8ffifc£&=&7Cl c<vm 
[01 2] i*«CUBI CSffiKiSZiJCTCl C^JR 
[01 3] i*«CUBI CS»tJ:SZ»5cIC«» 
[014] ^*^CUBICS«tJ;l>H^7ClCOS 
[015] »OCUB 1 CSffitiSZiJiCTCl COS 
[016] I*«CUBI cetffitiSHijCSI C^Jg 

K 2 1, 37- ■ ■ m£^V?>MM; 2.2a.. 
2 2. 22a- ■ ■ #fL^y U 3 ^M, 3 , 23- ■ ■ 
m^yU^yJi, 4. 24. 38- ■ -Z^tcLS 
1.5.25,39 - ■■ 6 . 2 

6.40- ■ ■ MOSFET. 11. 16- ■ ■ #!M 

$b\ 12 ■ ■ -s^as 

[02] 



